When examining sexual behavior and communication, it is also important to consider an individual's relationship status. Condom use is lower in main partner and monogamous relationships than in outside partner and open relationships. [14] [15] [16] This may explain estimates that most men contract HIV from their main partners during unprotected anal intercourse (UAI). 17 In addition, HIV disclosure is greater between primary and casual partners. 18 Building on prior research, this theory-driven randomized controlled study examined changes in and the link between HIVrelated communication, risky sexual behavior, and relationship status among MSM living with HIV. The Consequences Theory of HIV Disclosure 19 proposes that seropositive individuals weigh the costs and rewards of disclosing their status to sexual partners. They are more likely to disclose when the anticipated rewards outweigh the associated costs. The focus was on assessing (1) changes in HPSC, HIV disclosure, and insertive and receptive UAI over time; (2) differences in HPSC, HIV disclosure, and UAI between an intervention and control group; and (3) differences in HPSC, HIV disclosure, and UAI based on 4 relationship types.
MATERIALS AND METHODS

Procedure
A randomized controlled study aimed at helping MSM decide whether and how to disclose their HIV seropositive status to sexual partners was conducted between 2009 and 2014 in 2 US metropolitan areas in the Midwest and Southeast. Eligibility criteria included MSM who were HIV positive, sexually active in the prior 3 months with at least 1 man, 18 years or older, English speaking, planning on living in the area for at least 1 year, and interested in learning more about serostatus disclosure to sexual partners. Recruitment occurred through local newspaper advertisements, local and state AIDS service organizations, AIDS clinical trials units, forums in the 2 metropolitan areas, and other HIV-related venues. The study protocol was approved by the institutional review boards of the Ohio State University for the Midwest area and the University of South Florida for the Southeast area. Written consent was obtained before the onset of the study from all eligible men who agreed to participate.
Design
Men who have sex with men were randomly assigned to either the assessment disclosure intervention (DI) group or the assessment attention control case management (ACCM) group. Both groups participated in seven, 60-to 90-minute one-on-one sessions with trained facilitators. All facilitators were hired and trained by the principal investigator and were knowledgeable about HIV and LGBTQ issues, were comfortable with the target population, and were philosophically consonant with the intervention. Training primarily included becoming familiar with the manualized intervention protocols and role playing. For those facilitators hired after the study had been implemented, "shadowing" experienced facilitators and listening to the audio recordings of sessions were included in the training regimen. Digital recordings of all sessions were used for ongoing supervision and fidelity assurance of all facilitators. Independent coders were used to monitor adherence to the protocols by facilitators. In instances where intercoder reliability was less than the predetermined threshold, facilitators were given additional training/retraining in the protocol.
Each condition was administered during 4 sessions including 1 week post-baseline, 2 weeks post-baseline, 1.5 months postbaseline, and 3 months post-baseline (booster, no new material was offered at this time). Assessment-only sessions were at baseline, 6 months post-baseline, and 12 months post-baseline. Only the DI group sessions focused on potential HIV disclosure including rewards and costs of disclosure, strategies that support disclosure, management of negative reactions, and related disclosure exercises and practice opportunities. The ACCM group sessions used the Centers for Disease Control and Prevention's HIV prevention case management program "Comprehensive Risk Counseling and Services". 20 Both groups received training on reducing risky sexual behaviors.
Data Collection
Repeated measures were administered 1.5 months postbaseline, 3 months post-baseline, 6 months post-baseline, and 12 months post-baseline. Demographic characteristics were collected at baseline. All data were obtained using audio computerassisted self-interviewing, which is related to more complete data collection of sensitive, potentially stigmatizing data. 21, 22 Participants Figure 1 shows the consort flow diagram; 417 of the 830 participants assessed for eligibility were eligible for the study. Of those, 339 MSM were randomly assigned to either the DI group (n = 172; 50.74%) or the ACCM group (n = 167; 49.26%). Table 1 shows the demographic characteristics of the participants who completed the survey at baseline (N = 337). With one exception, no significant differences (P > 0.05) in characteristics were found between the DI and ACCM groups. More MSM in the DI versus ACCM group were employed (36.05% vs. 25.00%, respectively; P = 0.028). In addition, there was only one significant difference in demographic characteristics between participants located in the Midwest compared with the Southeast. More MSM in the Southeast were of Hispanic ethnicity (13.29% vs. 4.88%, respectively; P = 0.007). Employment status, ethnicity, and location were included as control variables in the analyses.
Repeated Measures Relationship Status
Participants reported whether they were currently (1) single and not dating, (2) single and dating, (3) committed/partnered and had sex with this partner only, or (4) committed/partnered and had sex with other people as well.
Health-Protective Sexual Communication
An 8-item modified version of the HPSC scale was used to assess the extent of communication with sexual partners. 9 Topics included condom use, sexual history, HIV testing, and needlerelated drug use. Response options ranged from (1) never to (4) always. The scale was created by summing responses across the items.
Disclosure Behavior
An author-derived 13-item measure examined the extent of disclosure in different sexual situations (e.g., oral sex with condom and unprotected insertive anal sex) and with different casual sexual partners (e.g., believed to be HIV negative). The stem question was "In the last 30 days, I have disclosed my HIV status to…." Response options ranged from 1 (none of my sexual partners) to 5 (all of my sexual partners). Participants could also select not applicable if the behavior did not apply to them, which was treated as missing data. The measure was created by summing responses across the items.
Risky Sexual Behavior
First, participants reported on the number of sexual encounters they had in the last 30 days. They then reported on the number of sexual encounters that involved insertive and receptive UAI. Second, the numbers of insertive and receptive UAI were divided by the number of sexual encounters and multiplied by 100 to derive the percentage of sexual encounters that involved insertive and receptive UAI. In the few instances where percentages were greater than 100, they were recoded to 100% (10/980 insertive UAI encounters, 9/986 receptive UAI encounters).
Control Variables
Seven participant characteristics were included in the analyses as control variables-racial identity (1, white; 2, African American; 3, other race/mixed race), Hispanic identity (0, not Hispanic; 1, Hispanic), sexual identity (0, bisexual; 1, gay), employment status (0, unemployed; 1, employed), age in years, and time since HIV diagnosis in years. We note here that 1 participant who identified as heterosexual was behaviorally bisexual and was subsequently grouped into the bisexual category. In addition, location of data collection (0, Midwest; 1, Southeast) was entered as a control variable.
Statistical Analysis
Data were analyzed with mixed-effects models using SAS version 9.4. Mixed-effects models (proc mixed) are commonly used with repeated measures or multilevel data (e.g., time nested within people). 23 Mixed-effects models (growth curves) require data with at least 3 time points; however, individual participants do not have to have data at all time points. Kenward-Roger's approximation of the degrees of freedom was specified along with a variance component structure. A series of models were built and evaluated separately for each outcome-HPSC, HIV disclosure, insertive UAI, and receptive UAI.
Model 1 was run as an unconditional means model (i.e., no predictors) to obtain the intraclass correlation coefficient. Results showed that 64% of the variance of HPSC, 51% of HIV disclosure, 50% of insertive UAI, and 43% of receptive UAI were explained by within-participant nesting. In model 2, level 1 fixed effects were added. In addition, time by level 1 predictors interaction and time by treatment interaction were considered. Random effects were only retained in the model when the Akaike information criterion and Bayesian information criterion indicated an improved model fit. 23 The final model included random slopes for the intercept and time for HIV-related communication outcomes, and a random slope for the intercept for risky sexual behavior outcomes. 
RESULTS
Descriptive Statistics of Repeated Measures
HIV-Related Communication and Relationship Status
Before running the mixed-effects models with HIV-related communication outcomes (HPSC and HIV disclosure), changes in relationship status over time were considered. Analyses (not shown) using generalized estimating equations for nested multinomial outcomes (proc genmod) showed that relationship status overall did not change over time (P = 0.343) and did not vary by treatment condition (P = 0.763). However, further inspection of the data suggested that MSM moved in and out of the 4 relationship categories across time; 58% of MSM changed their relationship status at least once during the course of the study. Table 3 shows the results from the final mixed-effects models on changes in HPSC and disclosure and the association with relationship status. Health-protective sexual communication significantly increased over time. However, there was no intervention effect. That is, regardless of treatment condition, HPSC improved over time. In comparison to MSM who were in committed/ partnered relationships and had no other sexual partners, single MSM who were not dating reported lower HPSC. Regarding the control variables, employed compared with unemployed MSM had lower HPSC; older versus younger MSM had lower HPSC; and compared with white MSM, black MSM had higher HPSC. Similar to HPSC, HIV disclosure significantly increased over time. Again, there was no intervention effect. In addition, MSM who were in committed/partnered relationships and had other sexual partners compared with those in committed/partnered relationships who had no other sexual partners reported less disclosure. None of the control variables showed a significant relationship to HIV disclosure.
Risky Sexual Behavior, HIV-Related Communication, and Relationship Status
As shown in Table 4 , reports of insertive UAI changed in a curvilinear pattern, although there was no significant decrease over time. For both the DI and ACCM groups, initial reports of decreased insertive UAI after treatment were followed by increased insertive UAI before returning to baseline levels at 12 months postbaseline. There was no intervention effect. Men who have sex with men who had greater HPSC had less insertive UAI; MSM who reported greater HIV disclosure reported greater insertive UAI. Compared with MSM who were in committed/partnered relationships and had no other sexual partners, single MSM who were dating engaged in less insertive UAI. Regarding the control variables, MSM who identified as gay versus bisexual had lower reports of insertive UAI. In contrast, there was no change in receptive UAI over time. There was also no intervention effect. However, greater HPSC was related to less receptive UAI. Compared with MSM who were in committed/partnered relationships and had no other sexual partners, single MSM (dating and nondating) engaged in less receptive UAI. Significant control variables were age and race, with older compared with younger MSM and other/mixed race MSM compared with white MSM reporting less receptive UAI.
DISCUSSION
This randomized controlled study examined changes in and the link between HIV-related communication (HPSC and disclosure), risky sexual behavior, and relationship status in MSM living with HIV. Regardless of condition (DI vs. ACCM), HPSC and HIV disclosure increased over time, whereas the percentages of insertive UAI fluctuated and did not sustain a decrease over time.
Despite the lack of an intervention effect, particularly for HIV disclosure, which was the focus of the DI group, seeing a continuous increase in HPSC and disclosure is encouraging and important in reducing HIV transmissions. 3, 5, 7, 8 Conversely, it is disconcerting to find a curvilinear pattern rather than a decrease in insertive UAI for either the DI group or the ACCM group and no change in receptive UAI. These findings are surprising insofar that both treatment condition sessions had a strong focus on reducing risky sexual behaviors. They are also in contrast to reviews of the literature that have found support for a decrease in risky sexual behaviors among MSM after behavioral interventions. 4, 24 At the same time, these findings highlight the complexity inherent in designing interventions to reduce risky sexual behaviors and the need for continued investigations into factors that decrease and maintain the decrease in risky sexual behaviors among MSM.
Congruent with prior research, MSM who had greater HPSC reported less insertive and receptive UAI. 25, 26 Thus, HPSC had a positive effect on reducing risky sexual behavior and should continue to be a focus in future prevention and intervention studies. However, MSM who mentioned greater HIV disclosure also reported more insertive UAI. It may be that HIV disclosure revealed that a partner was also HIV positive. Thus, serosorting may have been used as a strategy to reduce the risk of HIV transmission. 27 Findings on relationship status and the association with HIV-related communication and UAI were inconsistent and mixed. Compared with MSM in committed/partnered relationships who had no other sexual partners, those who were single and not dating had lower HPSC, but those who were single and dating had less UAI. The HPSC measure is designed specifically for use with new sexual partners. 9 Thus, in contrast to our findings, it is expected that HPSC might be lower in committed relationships with no other sexual partners. Similar to our findings, prior studies have found lower condom use in main partner relationships.
14, 16 The mixed findings suggest that interventions and prevention programs focus on different subgroups of MSM based on their relationship status, as they may benefit from different communication strategies and methods to reduce the risk of HIV transmission.
LIMITATIONS AND CONCLUSIONS
Findings from the current sample of nonrandomly selected MSM, despite randomization into either a DI or an ACCM group, may not apply to MSM more generally. That is, it is possible that MSM who decide to participate in an intervention study differ from other MSM in a number of characteristics including demographics and behaviors such as communication and sexual activities. Repeated self-reported measures of HIV-related communication (HPSC and disclosure), risky sexual behaviors, and relationship status may also be limitations of this study. Despite the use of audio computer-assisted self-interviewing, which is recommended for studies collecting sensitive information, response bias such as social desirability is a concern.
Findings from this study add to the literature and practical knowledge in 2 essential areas. Examining subgroups of MSM based on their relationship status provides a greater understanding of factors that affect HPSC, disclosure, and risky sexual behavior. Moreover, findings from a randomized controlled intervention study provide a clearer understanding of behavior changes over time and factors that facilitate, hinder, or maintain changes over time to reduce risky sexual behavior and the transmission of HIV, which strengthen the development and refinement of HIV prevention programs.
